The Wide-field X-ray Monitor (WXM) is one of the scientific instruments carried on the High Energy Transient Explorer 2 (HETE-2) satellite planned to be launched in May, 2000 (on the present schedule in February, 2000). HETE-2 is an international mission of a small satellite dedicated to provide broad band observations and accurate localizations of gamma-ray bursts (GRBs) . The first HETE satellite was lost due to a Pegasus XL rocket mishap on November 4, 1996. The HETE-2 has been developed on basically the same concept except that the UV cameras were replaced with the Soft X-ray Camera. A unique feature of this mission is its capability of determination and transmission of GRB coordinates in near real time through a network of primary and secondary ground stations.
INTRODUCTION
Gamma-ray bursts (GRBs) have been one of the greatest unsolved mysteries since their discovery in 1970s. However, the recent discovery of GRB afterglows by the BeppoSAX X-ray satellite made substantial progress in the study of GRB.' After the discovery, many ground-based radio and optical telescopes, as well as the Hubble Space Telescope and X-ray telescopes, have pointed toward GRBs to detect counterparts. These observations suggest that the GRBs are at the cosmological distance. However, the number of samples detected as a counterpart is too small to determine the emission mechanism.
The HETE-2 mission is intended to determine five times as many GRB positions as WFC/BeppoSAX at high accuracy (10' for WXM, 10" for SXC) and broadcast rapidly (within 10 s) to the other GRB observers. These capability of HETE-2 not only increases the number of counterparts but also provides a chance for other powerful telescopes to detect the GRB even in its bright phase. The HETE-2 satellite, which is almost remanufacture of HETE-1,2 has three scientific instrument ( Fig. 1) , the Wide-field X-ray Monitor (WXM), Soft X-ray Camera (SXC) and French Gamma Telescope (FREGATE). 3 The SXC is a 1-D coded mask system using MIT-LL CCID-20's as the detecting elements, and has energy coverage of .500 eV to 14 keV with 2 % resolution at 6 keV and position resolution of 10" for bright bursts (1 (rab; 10 s). The \VXM has larger effective area and thus is more sensitive to weaker bursts than SX('. Thus each of the two X-ray instruments play an complemental role to each other.
HETE-2 DATA PROCESSING
The diagram of HETE-2's on-board data processing is shown in Fig. 2 . The spacecraft ('omilpilter system consists of four identical processor boards: each hoard contains one t ramisplit or ( Imimimos, T05 ) , tw Digit a! Signal Processor (Motorola, DSPS6001). and 20 Mbytes of RAM. Time processors are assigned to the spacecraft and science needs in the following ways: 1. spacecraft processing, 2. SXC. 3. optical talileras, 4 . \VX\l and Fregate. The "links" feature of the transputer allows for quick and efficient ('o1mwilin1ations between processors. The DSPs serve as time interface to time instruments.
WXM and FREGATE use a comnnion processor board (XC node) and each has a separate DSP (X-DSP and C-DSP) for handling the event data from the instruments and forming data products as weil as commanding the instruments. The data products produced at DSP are passed to the XG-Tramispiiter. The XG-Transputer processes both of the WXM and FREcATE data products and provides triggering, inlaging, and notifying the GRB information to the other node.
Structure 3. WIDE-FIELD X-RAY MONITOR (WXM)
The \VXM consists of two identical units of one-dimensional position sensitive X-ray detectors I Fig. 4 ). They are placed iii orthogonal directions to eachì other for measuring the X and \ directions iimdepoimdeni.lv. One unit consists of a one-dimensional coded mask and two 1-D position-semmsitive proportional 'oiirit or (PSPCs) placed 187 mm below the mask. The coded mask consists of a plate of alumninuni (1.5 mm thickness) and gold (0.1 mm) with a series of slits of randomly varying width (Fig. 4) . The location oh the GRB is deternuned by measuring a set of two siuft distances of the nmask pattern in time X amid 'i' 
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(lirectiomis. The mask pattern of \VXM is selected fromri 100.00(1 randonm patterns With time sammme open fraction (0.33) and element size based on localization accuracy for GRBs. Each P8PC has three carbon fiber anode wires with 10 ni diameter in its upper cells and four veto wires in its lower cells (see Fig. ri ), and filled with 1.4 atni Xenon gas (3% CO2 quench gas). Each cell is separated iw the cathode wires placed at intervals of 3 mm. The calculated effective area of one PSPC for on-axis X-rays is shown ni Fig. 6 . In Fig. 7 , total effective area of whole \VXM system (WXM coded imiask) is shown as a function of source direction. This results is for 8 keV X-ray. For an oii-•is source, WXM has an eflectmve area of 116 cm2. The position of an incoming X-ray is deternii med by time charge-division umetimod. That is, L/(L R) has a linear relation with the incident position. and L -I-I? mmoasures phmotomm energy. Here. I.. and R represent pulse height values measured at left, and right ends of an anode respectively.
Electronics
The block diagram of \VX\I signal processing is shown in Fig.8 . Analogue signals from both ends of auodes are processed separately by the charge-sensitive preamplifiers (Alimptek. A225), while time signals frommi the four veto anodes are summed up before the processing. The A225 has an shaping amplifier with peak The LD level is selectable from 4 levels of 100. 140. 200. 500 AD units respectively. As soon as one of the seven LDs detects a pulse exceeding its threshold level, the peak-hold logic iiiiniediatelv starts and holds the mnaximuni pulse height for a period of 5 ps (anti-coincidence window) after the LD trigger. If, during this period, the LD trigger is detected oniy from VETO anode and there is no trigger from the main anodes, peakhold logic is initialized and signal processing goes back to the waiting mode. In case of a trigger hr The mask transparency aml the ohsciirat ion by the support structure of coded uiask are (-onsidered as well as the absorption by tilt' t lleiilliIl Silield. Be win(low and Xe gas.
particles are identified as coincidence events and can be rejected using this hit pattern flag. The data loaded on the shift register is transmitted to the X-DSP after the previous data transmission has been finished. The clock frequency of data transfer is a divisor of 5 MHz with a standard value of 1 MHz clock, and 32-bit of one photon data is transferred in 32 s. Considering this data transfer time (32 xis) and signal processing time (-10 us), we can estimate that even for count rate of 12500 c/s (expected for Sco X-1 on-axis) dead time fraction is at most 10 %. If there are more than one detector waiting to transmit their data to the DSP, one of them is selected by a round-robin cyclic priority of XA -k XB -YA -YB -f XA -. . . . For example, when the data of XB detector is being transmitted and XA and YB are waiting to send their data, the priority become YA > YB > XA. Thus YB detector is able to send its data first, and XA data has to wait one more cycle. Even when one detector has much higher count rates than the others, this cyclic priority scheme assure that data of the other detectors can be taken.
PERFORMANCE OF THE PSPC 4.1. Determination of the operative voltage of the PSPCs
First we describe the criterion to determine the operative voltage of the PSPCs. The primary purpose of WXM is to localize the GRB with 10 arcmin accuracy. This can be achieved with the positional resolution of less than 1 mm for 187 mm distance of the mask and PSPC. The positional resolution is inversely proportional to the number of total charges, so that the operation at a condition of high gas gain is effective for good GRB localization. The energy resolution, on the other hand, is degraded by the space charge effect at > 1400 V. We have chosen, therefore, the operative bias voltage such that the positional resolution becomes 1mm, that is 1668 V for XA and YB, and 1653 V for XB and YA.
Position determination
We have measured the relation between the Position Measure, PM = L/(L + R), and the X-ray's absorption position along the anode wire (Fig.1O) . To derive the position measure at each position X, we combined the data sets which scanned across the anode wire (the direction to position insensitive) and calculated the median values of the PM. This relation can be expressed by the following empirical formula within 0.2 mm error; The coefficients a0 '-÷ a5 were obtained for every anodes. The distribution of residual Xreai Xcai is shown in Fig.11(a) , where Xreai is a real incident position and Xcai is a position calculated with Eq. (1).
At most of the area ( 80 %), the residual is less than 0.2 mm. At both the ends of anodes, however, there is large systematic error caused by the electric field distortion. This systematic error cannot be corrected, because it is varying toward the crossing direction to the anode and we cannot determine the position in this direction. For this crossing-direction dependence of the position measure, the positional resolution becomes worth at both ends as shown i:n Fig.11(b) . At X = mm positional resolution is 2 mm (FWHM) for a 8 keV X-ray, while in the central region 0.8 mm.
The cause of the position resolution is mainly due to the Johnson noise because of the relatively low resistivity of carbon fibers (8 x 10_6 lm, -÷12 k1 for the 12 cm effective length). In general, positional resolution measured in this calibration experiment is expressed by the square sum of three components. One is that originate from electronic noise, which is the most dominant cause for our PSPCs. The other contributions are statistical fluctuation of the center of electron clouds and the finite X-ray beam size ('÷ 0.2 mm). Since the amplitude of the Johnson noise is inversely proportional to the square of resistance, it is expected that positional resolution is approximately a function of PH x ÷/i. R is the resistance of each anode wire and ranges from 12.0 to 15.8 k1. In Fig.12 , experimental_values of positional resolution for various bias voltages and X-ray energies are plotted against PH x R0 is the resistance of XAO anode. From this result we derived the formula to relate PH to the positional resolution Res in unit of mm.
In this formula, the contribution of the beam size is excluded. Combining this result with the parameterization of the residual distribution shown in Fig. ii , we have modeled the WXM's positional response, and developed a response simulator. The values at standard setting of flight operation for XAO are written at the left and bottom of the figure.
Energy determination
172 Figure 13 . Pulse height distribution for 8 keV and 16 keV X-rays irradiated at (a) on-wire and (b) off-wire (9 mm away from anode wire). For on-wire events you can see hard tail, while not for off-wire events. The vertical axis of the contour plot represents depth direction and the horizontal does Y-direction (see Fig. 1 1 for X-Y notation). The anode wire is placed at 14 mm depth and Y=1 mm. The gas gain apparently depends on the X-ray's absorption point.
For the energy calibration purpose, monochromatic X-rays were generated by Bragg reflection on the Si crystals and irradiated on a referential anode XAO. The X-ray energy was adjusted to 6 24 keV with 2 keV step by changing the reflection angle. The bias voltages were in the range of 1200'1700 V. First of all, in figure 13, we show pulse height (PH) distributions for 8 and 16 keV X-ray energies with 1650 V of bias voltage. The upper panel (a) shows the distributions for on-wire events, that is to say, X-rays were illuminated vertically to the Be window at the position of the anode wire. The lower panel (b) is for off-wire events of 9 mm away from the anode wire. There is apparent difference according to the illuminated position. For the on-wire spectrum one can see a high energy tail. From this positional dependence of PH distribution, it is inferred that there is a non-uniformity of gas gain depending on absorption position relative to the anode wire. In order to investigate the positional dependence inside the PSPC, we illuminated the X-ray with 20° inclination angle. In this case, the absorption depth Zabso is determined as Zabso (Xmeas _ XO)/ tan (20°), with Xmeas measured by the charge division method and x0 of the incident position at the Be window. Combining this method and scanning to the direction across the anode wire, we have measured the gain profile inside the PSPC as shown in Fig. 14 . From the figure, it is noticed that the gas gain is maximal around 3 mm away from the anode wire and there is a dip very near the anode wire. This is probably the first discovery of this effect and we call it as the "hard tail effect" . To avoid the hard tail effect and determine the PH-energy relation, we measured the energy response at 9 mm away from the center of the anode wire. In Fig.15 , the relations of the PH with the X-ray energy for various bias voltages (1200 '-1700 V) are shown. As you can see from this figure, the PH is not linear to the energy at voltages above 1400 V because of the self-induced space charge effect. As mentioned in the previous section, we will operate PSPCs around 1650 V, so that we derived the non-linear formula to translate the PH to the energy. The experimental result is well represented by the following formula:
In case of small PH, that is the case with no space charge effect, this formula approximately represents linear relation. We assumed that the relation was dependent only on gas gain, and parameterized the coefficients a, b, and c as a function of bias voltage, v, supplied to the XAO anode. In this way, we have obtained the PH-energy relation at the center of the referential anode XAO. The gas gain is slightly different for anode by anode because of the difference of its radius, so the equivalent potential v of the above formula should be determined for each anode.. In addition, we can correct the spatial non-uniformity of the gain by introducing position dependence of v. Thus we have applied this formula to the other anodes and at different positions, by adjusting v to fit the experimental data. This parameterization was confirmed to realize the PH-energy relation within the error of 5 % for the energy of Fe, Cu, and Mo K X-ray.
Next, we show the spatial uniformity of gas gain all over the PSPC. In Fig.17 , the 2-dimensional distribution of average PH for the Cu-K X-ray (K =8.04 keV) is shown together with the 1-dimensional one at sections of A-A, B-B and C-C. One can see that the gas gain increases at the left side, while it decreases at the right side. This is due to the internal mechanical structure. At both sides of the counter there are wire frames to fix the cathode wires. These frames are at 10 mm outside of the Be window and are grounded. This structure increases the electric field and, as a result, gas gain. However, at the right side, there is a spring wire that connects and gives tension to the anode wire, and it makes the electric field weak at the right side. To correct the gain difference along the anode wire, we have derived the position dependence of the equivalent potential v.
Using the PH-energy relation formula obtained above, the energy resolution was determined for energies of 6 -24 keV and for bias voltages of 1400 1700 V. In Fig. 16 the results for off-wire incidence are plotted against X-ray energies. To see the hard tail effect at 9 mm away from the anode wire, we also showed the results at 12 mm. While at the low bias voltage of 1400 V energy dependence of the resolution satisfies the i// law, at higher voltages it no longer follows the law owing to the space charge effect. 
The first term in the right side is replaced by F/no and the second term by b/no, where F is a fano factor and b is a parameter charactering the statistics of the multiplication. In the proportional region, b is a constant and cYQ/Q is proportional to the inverse of square root of E. In the region of limited proportionality, on the other hand, we expect that b is no longer constant, and then the resolution deviates from the i// law. From this point of view, we looked for a variable that controls the parameter b in accordance with degree of the space charge effect, and found that it was M°23 x no. In Fig. 18 , the values of b, which are calculated from the experimental values crQ/Q with eq.(4), are plotted against M°23 x no . The data were taken at various condition, that is the bias voltages of 1400 to 1700 V and the energies from 6 to 24 keV at each voltage. The correction of the hard tail effect was applied to the experimental values OTQ according to the simulation that was carried out taking account of the gain profile around the anode wire. From this results, we can derive a simple formula to relate the PH distribution width with X-ray energy and gas gain. In Fig. 19 shown is the comparison of the experimental values of cTQ/Q and those calcualted with the Eq. . Energy distribution in case that Cu-K X-rays are uniformly irradiated all over the PSPC. For comparison, measurement by a CdZnTe detector is shown at the bottom of the graph. In this experiment Cu filter was inserted in front of the PSPC, so that there is an absorption at energy of Cu-K edge in the continuum spectrum.
setting of 1668 V for XA detector. The energy resolution for the 8 keV X-ray at this voltage is degraded to 19 % from the value in Fig. 16 (17 %) owing to the hard tail effects and the spatial gain non-uniformity in the direction of crossing the wire.
WXM FLIGHT OPERATION
WXM will be always operated except in the South Atlantic Anomaly (SAA). During SAA passages, high voltage power supply is turned off by the scheduled command. For more safety, there is a software mechanism to turn off the high voltage if the count rate of WXM, FREGATE or RBM is too high. In a normal operation mode, the WXM software running on the X-DSP receives the data from WXM instruments and process them to calculate X-ray energy and incident position. Time stamp of I s resolution is added at this point. The WXM instrument provides pulse heights measured at both sides of anode wire, L (12-bit) and R (12-bit), a hit patter flag (4-bit), and a counter ID (2-bit) on a photon by photon basis. The coincidence with the veto signal or another anode wire is checked and, if so, the data is rejected as a background event. After the raw data is parsed, various data products are formed. In Table 1 there is a list of currently implemented data products. Any values mentioned in the table are software variable, so we can change them in accordance with scientific profit. In normal mode, that is to say burst survey mode, for saving the down link capacity the 20 time-bins are summed for each histogram, and tagged photon data are not transmitted to the ground. These data products are transferred only via S-band except for some useful housekeeping data such as high voltage status and counting rate which are broadcasted via VHF continuously.
All the three scientific instruments on HETE, i.e. FREGATE, WXM and SXC are capable of trigger independently, but the X-ray background is much more variable than the gamma-ray background so we expect most good triggers being provided from FREGATE. FREGATE triggers on the gamma-ray signal at various time scales of 20 ms to a few seconds. When WXM software gets a trigger message from other instruments or by itself, it will start accumulating a GRB foreground image and extract a background image kept in the pre-burst buffer. After the 2 s collection of the foreground and/or background image, localization algorithm is started and calculate the GRB position in 8 s. Thus the fastest localization is available in about 10 s after the burst detection. For bursts with longer duration than 2 s, localization algorithm is restarted after the 20 s accumulation of the foreground image, and then updated burst Table 1 . Summary of the WXM data products.
position is provided. The estimated position is transferred to the Thggering Manager (TM) running on the optical node. The TM will check whether triggers are due to source emersion or known X-ray source, and distribute the burst time, localization, strength, spectrum, etc via the VHF (137.96 MHz, 300 bps). The VHF information is received at one or more of the 1 1 Secondary Ground Stations which are arranged as to provide nearly continuous coverage. The GRB alert message is forwarded to the MIT Command and Control Center (MCC), and passed to the GRB Coordinates Distribution Network (GCN) , thereby allowing early follow-up observations. More data products, including the tagged photons of the GRB are transferred vie S-band (2.272 GHz, 250 kbps). These data can be received at 3 Primary Ground Stations, one on the Kwajalein Atoll in the Republic of the Marshall Islands, one in Cayenne, French Guiana, and one in Singapore. Using the tagged photon data, more precise calculation will be performed on the ground, and the revised position information with a few arcminute accuracy is provided to the GCN.
SUMMARY
We have made precise calibration on WXM positional and energy response. For an 8 keV X-ray, the positional resolution in the central part (X = --50 mm '-50 mm) of the PSPC is 0.8 mm for an 8 keV X-ray, and the energy resolution is 20 % for total events detected at the whole detection area. This positional resolution is enough for determining the GRB positions with 10 accuracy and some of them with better accuracy (a few arcmin). WXM's primary capability, that is (1) unrivalled filed of view (1.5 sr), (2) localization accuracy appropriate for the follow up observation by ground/space based narrow field instruments, (3) and rapid broadcasting with 10 s after the GRB detection, will make more progress on experimental study of GRB.
